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I The question of the precise role of the heart in endotoxin shock has

been largely unresolved. Although it is generally agreed that the heart

may ultimately fail, its possible contributory role in the initial develop-

ment of this irreversible state is one of serious question. Experiments

carried out on both the canine and primate species demonstrate that venous

j return mark'edly dlecreases early after endotoxin I-4 due to intravascular

pooling. It appears therefore that systemic hypotension is in larae part

I precipitated by peripheral rather than direct cardiac mechanisms.

Weil and others found no evidence for myocardial failure in the early

phase of canine endotoxin shock: cardiac arrhythmias did not occur and

Iconduction defects were not observed.1  Londe and others found that larce

doses of endotoxin produced no perceptible effect on the myocardial ex-

I traction of oxyoen and that the coronary vasculature was unaffected.5

I Others have suggested that the heart is only affected indirectly by endo-

toxin because of unfavorable circulatory conditions.6 On the other hand,

ISolis and Doi,,nina 7 and others8 both demonstrated cardiac depression early

after endotoxin. In each instance, ventricular contractile force was

I diminished, and, in the former instance 7, contractile force was depressed

I even when arterial pressure was maintained.

The purpose of the following study11 was to determine if the heart is

Idirectly damaged by lethal injections of endotoxin under conditions in

which respiratory and homodynamic parameters are maintained constant.

The aim of tlo investiqation %.as to nain an insiaht into the role of theIIheart in contributina to the development of irreversible shock. A
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i METHODS

Experiments were conducted on adult monqrel dogs intravenously anesthe-

f tized with sodium pentobarbital, 30 mg/kq. The basic procedure was to

support an isolated denervated left ventricle by blood exchanqed with a

I heparinized support animal (average weight, 21 kci). Details of the pro-

cedure are as follows: The donor heart dog (average weiqht, 8.4 kg) was

anesthetized, and the chest opened along the midstern ., region after the

I animal was placed on a constant volume respirator. The azyqous vein and

subclavian artery were ligated and sectioned between ties. Ligatures 1lere

I loosely placed around the thoracic aorta distal to. the subclavian artery,

the brachiocephalic artery, and superior and inferior vena cavae. The

pericardial sac was opened along its ventral surface and the animal was

I heparinized (3-5 mg/kg), The vagi were then cut in the neck reqion and

the brachiocephalic artery was cannulated with a plastic tuhing elevated

Ito a height of 100-125 cm above the heart level. The superior vena cava

was cannulated with a blood filled plastic tubing led through a roller-

type blood pump drawing blood from the inferior vena cava of the support

I dog. The tip of this tubing lay in the central vein of the animal proximal

to the hepatic vein orifice. To prepare the donor heart for transfer to theI
perfusion system without interruption of blood flow, the brachiocephalic out-

flow from the heart was opened, allowing blood to fill the tubing exerting a

hydrostatic pressure providing adequate coronary perfusion (pressure > 80 mmflg).

The aorta was then tied distal to the brachiocephalic artery, the superior

vena caval inflow from the pump was commenced at 120 cc/minute, and the in-

Iferior vena cava was immediately-ligated. Blood from he aortic outflow was

* collected in a plastic reservoir and returned to the dog perfusing the heart



I
I

at a flow rate equal to the superior vena caval inflow. The heart and lungs

I were then removed from the chest and transferred to the external system with

adequate coronary pressure and flow constantly provided.

A strain gauge arch was sutured to the lateral wall of the left ventricle

ffor measurement of myocardial contractile force. The left ventricular pres-

sure was measured by insertion of a short large bore plastic cannula through

Ithe apex of the ventricle with the tip resting within its chamber.
The next procedure was to bypass the right heart which was accomplished

after first placing a saline filled plastic drainage tubing into the right

ventricle via the atrium and cannulating the pulmonary artery from a T con-

nection previously secured to the superior vena caval inflow tubing. The

cannulation of the pulmonary artery required only a few seconds during which

time the coronary vessels were retrograde-perfused with blood by hydrostatic

pressure from the aortic outflow tubing. Coronary venous blood was collected

lf-om the right ventricular drainage tubing into a plastic reservoir and

together with brachiocephalic outflow returned to the dog via a second pump

I (Figure 1). Cardiac output was taken as the sum of aortic outflow and

j coronary flow, both measured with a cylinder and stop watch. Temperature

of coronary venous blood was monitored with a temperature probe. Aortic

pressure, left ventricular pressure, cardiac contractility of the isolated

heart, and the mean systemic pressure of the support dog, were continuously

I monitored on a Sanborn recorder. Lef' ventricular pressure was alternately

recorded by means of a Statham pressure transducer, on a sensitive (0-40 mmHg)

range and a scale (0-200) registering both systolic and diastolic pressures.

Mean aortic pressure and cardiac output were steadily increased in the

isolated heart preparation by adjustment of a screw clamp on the aortic
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outflow and elevation of pump speed supplying the pulmonary artery. The

lungs of the isolated heart preparation were continuously ventilated by a

Starling constant volume respirator. Coronary arterial and venous p02,

pCO2, and pH were followed by utilizing an Instrumentation Laboratories

fblood gas analyzer. Oxygen content of coronary arterial and venous blood

was measured by a Natelson Microgasometer. Simultaneously obtained coro-

nary flow measurements permitted the calculation of oxygen uptake by

jmultiplying the A-V 02 difference by coronary flow.
During an equilibration period, aortic pressures were stabilized at

Iapproximately 125-130 mmHg and cardiac output at 50 cc/min/kg body weight
based on the weight of the heart donor dog. These pressure and flow values

supported and maintained left ventricular systolic and diastolic pressures,

coronary flow, coronary blood temperature and oxygen uptake in the physio-

logical range and were therefore maintained constant during the course of

Ithe experiments (180 minutes). Following the equilibration period, when

1all values of the various parameters achieved a relative constancy, a
thirty minute control period was run and completed by the injection of an

I LD90 E. coli endotoxin (Difco, Detroit), 1.5 mg/kg. Endotoxin was admin-

instered intravenously in the support animal-and in some experiments

additionally injected into the pulmonary arterial inflow of the isolated

I heart. Experiments were concluded at the death of the dogs or not later

than 180 minutes post-endotoxin.

Stroke work10 in gram-meters was calculated from the formula:

(tIAP-LVEDP) (SV) (1.36)

100

where MAP = mean aortic pressure (nmiHg); LVEDP left ventricular end

diastolic pressure (mmHg) and SV stroke volume In ml, determined by

I 4j
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dividing cardiac output by heart rate. The acceleration component of

ventricular stroke work was disregarded in the calculations on the basis

Jthat it represents less than 1 per cent of total stroke work.11 Cardiac

power was determined by the expression of work per second.

IThe maximum chance in pressure per second (dP/dT)10 ,12 occurring

during isometric contraction of the left ventricle was determined from

analyi, of the slope of a line drawn tangentially to the steepest portion

Iof the ventricular tracing and expressed in mmHg/sec.

I 4
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RESULTS

Table I illustrates the effect of an LD90 intravenous injection of

endotoxin in the intact support dogs supplying blood to the isolated heart.

Mean systemic pressure falls markedly and remains low during the post-

endotoxin period while heart rate is insignificantly altered.

Several parameters were maintained constant in the perfused heart-

lung preparation and these are shown in Table I. Mean aortic pressure,

cardiac output, blood temperature and respiration rate and depth were all

maintained relatively constant in each experiment. It is noted that although

systemic pressure of the support dog fell to severely low values after endo-

toxin injection, aortic pressure of the heart was maintained in the normal

range. These valuEs %.ere deliberately maintained constant because of their

direct influences on various work performance and metabolic characteristics

of the heart.13
,14

Table III demonstrates t.e effect of endotoxin on the hemodynamics and

Smetabolism of the isolated heart. Every Individual heart preparation shoved

marked coronary heirodynamic alterations, coronary flow increasing, and coro-

nary vascular resistance decreasinq, in all experiments. tean coronary flow

increased nearly sixty per cent above control while resistance fell to

approximately half the initit values, within two hours after endotoxin

jadministration. Data in Table III show that oxygen uptake of the left ven-

tricle varies insitnificantly during the control and shock stages. Oxren

uptake was assumed to be neqlioible in atria and right ventricle (bypassrd)

as was also done by Sarnoff et al., in a similar preparation.13  There are

no regular changes in heart rate although no experiment demonstrated brady-

cardia after endotoxin.
4
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It was decided to evaluate the effects of endotoxin on certain cardiac

I performance parameters and Table IV describes the average results. Left ven-

tricular contractile force does not decrease in any experiment but ordinarily

increases; however, because of individual variation, mean values are statisti-

cally unaltered by endotoxin. Left ventricular end diastolic pressure (LVEPP)

usually decreases in individual hearts following endotoxin injection and on the

Iaverage, all values tend to decrease from about 3 mTHg to zero .Hrog 2-3 hours

after endotoxin. The maximum rate of change in pressure per unit time (dP/dT)

during isometric contraction shn!.,s a constant average increase during the post-

1endotoxin period. Stroke work (gram.meters) is relatively unaffected by endo-

toxin although there is a tendency for a decrease, presumably on the basis of

a slight elevation of heart rate in individual experiments. n the other hand,

Iwhen cardiac work is expressed per unit time (second), i.e., Mer, there is

a high degree of constancy in all values both durino the control and shock

1 periods, approximately 12 qram-meters/sec.

Figure 2 is en individual record demonstrating the absence of effect of

I endotoxin on cardiac performance. Both aortic pressure and cardiac output of

the isolated heart were maintained constant for 150 minutes, and although

marked and sustained hypotension accompanied by acidosis is clearly observable

I in the support den, left ventricular pressure and contractility are unchanqed

during the total course of he exreriment.

The last table summarizes pH, pO2 and pCO2 alterations in coronary arterial

and venous blood. There is a siqnificant decrease in pt! bv 30-90 minutes after

endotoxin (prO.05), pCO2 values r.onain relatively constant, and although p02

I tends to fall in coronary artery blood and rise in ccronary venous blood, be-

cause of individual variations, these changes are statistically insignificant.

7
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DISCUSSION

The overall objective of this study was to determine the role of the

heart in contributing to the precipitation of irreversible endotoxin shock.

Experiments were principally desiqned to determine if the heart is directly

damaged by endotoxin when hemodynamic and respiratory parameters are control-

led. To better reveal possible direct toxic actions of endotoxin on the

myocardium, aortic pressure, cardiac output, blood temperature and respira-

tory rate and depth were maintained constant during a 2-3 hour post-endotoxin

observation period. Elood was continuously exchanged between an endotoxin-

shocked animal and the isolated working heart-lung preparation.

Results fail to reveal a single instance of eneotoxin toxicity on

myocardial v.'rk performance or oxidative metabolism studied under the con-

ditions of these experiments. Coronary flow markedly increased and coronary

vascular resistance decreased, while myocardial oxyqen uptake remained

relatively unchanged during the shock period. Left ventricular contractile

force and dP/dT increased in all individual experiments after enotoxin

administration, v'hile stroke work and particularly cardiac power, remained

relatively constant during the three hour shock period. Left ventricular

end diastolic pressure did not increase in a sinole experiment after endo-
toxin injection, but ordinarily demonstrated a steady decrease. The

presence of severe systenic hypotension and acidosis in the animal exchano-

inq blood with the isolated iorking heart failed to elicit detrimental

jresponses or the heart. Results from the present study therefore offer

no support for a direct toxic action of encotoxin on myocardial tissue.

jThese findings support the conclusions of some investinatorsl,5,e tut are
in disagreement with others7 ,8. It should he noted that the precise role

of the heart in Ieivrrhaiic shoc!: is also in serious nuestlon bpcause of
!4
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I contradictory findings. Albert and others15 ascribed primary heart failure

as the initiating deleterious factor in hemorrhage experiments. On the

other hand, others16 reported that the heart is damaged only subsequantly

I to prolonged hemorrhagic hypotension. It has also been reported that

cardiac function is only temporarily depressed in hemorrhaqic shock and

ultimately recovers during the hypotensive state.17

j Lefer and others18 ,19 have identified a myocardial depressor substance

present in the plasma of animals in late hemorrhagic shock. They have

I postulated that this substance may play an important role in the pathogene-

sis of irreversibility by depressing excitation-contraction coupling or by

inpairing the cardiac contractile machi- :ry d"rectly. The present study,

j however, provides no evidence for the release of a myocardial depressant

factor in the plasma of the endotoxin-poisoned animal. It is conceivable,

however, that an inotropic adrenergic endogenous agent release subsequent

j to hypotension after endotoxin, could have masked the myocardial effects of

a circulating myocardial depressant substance.

I The problem of the precise role of the-heart in the development of

-irreversible endotoxin shock is complicated by events occurring in the peri-

phery which most assuredly adversely influence cardiac output1 ,4 causing its

decrease on the bas-, of a diminished venous return, and the resultant sys-

temic nypotenqion may ultimately compromise cardiac integrity because of

diminished coronary blood ftcw. Another major question remains, however,

xand it is concerned with t possibility of direct myocardial endotoxin

toxicity. Gilbert20 in an earlier review comments that there is no evidence

for a direct adverse effect of endotoxin on myocardial function. More

recently, others21'22  have demonstrated myocardial failure in septic shock

S94
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I in patients, and a logical argument for a general "cardiac theory" of shock

j has been developed.23'24  Results from the present study strongly suggest

that primary cardiac endotoxin-induced toxicity is not a significant factor

Iin the pathogenesis of experimental septic shock but does not exclude the
possibility that indirect effects of endotoxin may perform important roles

Iin the eventual depression of cardiac integrity.

I
i
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SUMMIARY

The effect of endotoxin on the heart is obscure and results have been

controversial. The purpose of the present study was to determine if there

was a direct detrimental action of endotoxin on cardiac tissue. An isolated

heart and ventilated lungs removed frcm a donor dog were perfused with venous

blood from an intact heparinized animal. Pulmonary blood flow, aortic pres-

sure, respiration, and blood temperature were maintained constant in the

isolated preparation. Cardiac output was directly measured from aortic and

coronary venous outflows. Left ventrictlar myocardial contractile force,

intraventricular and aortic pressure and oxygen uptake were determined.

An LD90 injection of E. coli endotoxin was intravenously administered to the

dog. Results indicate that endotoxin 1as no detrimental effect on the iso-

lated heart under the conditions of these experiments. Oxygen uptake and

left ventricular contractile force were maintained at pre-endotoxin values

or increased above control in the presence of severe systemic hypotension in

the dog. Left ventricular end diastolic pressure was not elevated in any

experiment but ordinarily decreased after endotoxin. Coronary blood flow

progressively increased and vascular resistance significantly fell. No

regular relationship between heart rate and coronary resistance was observed.

In conclusion, there was no evidence to support a direct toxic action of

endotoxin on myocardial tissue.

*Acknuwlcdgments. Appreciation is expresscl to the following persons for

their technical assistance: R. T. Brantley, Janet Camp, Hubert Jennings,

Susan Owen, Mary Marple, and Joe Cope.

11

I'



I

REFERENCES

1. Well, M. W., MacLean, L. D., Visscher, M. B., and Spink, W. W.: Studies
on the circulatory changes in the dog produced by endotoxin from gram-
negative microorganisms. J. Clin. Invest. 35:1191, 1956.

2. Hinshaw, L. B., Gilbert, R. P., Kuida, H., and Visscher, M. B.: Peripheral
resistance changes and blood pooling after endotoxin in eviscerated dogs.
Amer. J. Physiol. 195:631, 1958.

3. Hinshaw, L. B., Emerson, T. E., Jr., and Reins, D. A.: Cardiovascular
responses of the primate in endotoxin shock. Amer. J. Physiol. 210:335,
1966.

4. Hinshaw, L. B., Shanbour, L. L., Greenfield, L. J., and Coalson, J. J.:
Mechanism of decreased venous return in subhuman primate administered
endotoxin. Arch. Surg. 100:600, 1970.

5. Londe, S. P., Massie, H., Monafo, W. W., Jr., and Bernard, H. R.: Resis-
tance of the isolated canine heart to endotoxoin. Surg. 61:466, 1967.

6. Alican, F., Dalton, M. L., Jr., and Hardy, J. D.: Experimental endotoxin
shock. Am. J. Surg. 103:702, 1962.

7. Solis, R. T., and Downing, S. E.: Effects of E. coli endotoxemia on
ventricular performance. Amer. J. Physiol. 2T1:307, 1966.

8. Kpdowitz, P. J., and Yard, A. C.: Circulatory effects of hydrocort~sone
and protection against endotoxin shock in cats. Europ. J. Pharm. 9:311,
1970.

9. Boniface, K. J., Brodie, 0. J., and Walton, R. P.: Resistance strain
gauge arches for direct measurement of heart contractile force in animals.
Proc. Soc. Exper. Biol. Med. 84:263, 1956.

10. Ross, J., Jr., Sonnenblick, E. H., Kaiser, G. A., Frommer, P. L., and
Barunwald, E.: Electroaugmentation of ventricular performance and oxyaen
consumption by repetitive application of paired electrical stimuli. Circ.
Res. 16:332, 1965.

11. Sarnoff, S. J., and Berglund, E.: Ventricular function. I. Starling's
Law of the Heart studied by means of simultaneous right and left ventric-
ular function curves in the dog. Circulation. 9:706, 1954.

12. Gleason, W. L., and Braunwald, E.: Studies on the first derivative of
the ventricular pressure pulse in man. J. Clin. Invest. 41:80, 1962.

13. Sarnoff, S. J., Braunwald, E., Welch, G. H., Jr., Case, R. B., Stainsby,
W. N., and Vacruz, R.: Hemodynamic determinants of oxygen consumption of
the heit with special reference to the tension-time index. Amer. 3.
Physiol. 192:148, 1958.



!
I

14. Barunwald, E., Sarnoff, S. J., Case, R. B., Stainsby, W. N., and Welch,
G. H., Jr.: Hemodynamic determinants of coronary flow: effect of changes
io aortic pressure and cardiac output on the relationship between myo-
cardial oxygen consumption and coronary flow.' Amer. J. Physiol. 192:157,1958.

15. Albert, H. M., Glass, B. A., and Carter, R. L.: The role of the heart in
shock: exsanguination studies. Ann. Surg. 34:48, 1968.

16. Siegel, H. W., and Downing, S. E.: Reduction of left ventricular contrac-
tility during acute hemorrhagic shock. Amer. J. Physiol. 218:772, 1970.

1 17. Bugg-Asperheim, B., and Kjekshus, J.: Left ventricular pressure and maximum
rate of pressure rise as determinants of myocardial oxygen consumption
during hemorrhagic hypotension in dogs. Acta Physiol. Scand. 78:174, 1970.

18. Lefer, A. 11., Cowgill, R., Marshall, F. F., Hall, L. M., and Brand, E. D.:
Characterization of a myocardial depressant factor present in hemorrhagic
shock. Amer. J. Physiol. 213:492, 1967.

19. Lefer, A. M., and Rovetto, M. J.: Influence of a myocardial depressant
factor on physiologic properties of cardiac muscle. Proc. Soc. Exptl.
Biol. Ved. 134:269, 1970.

20. Gilbert, R. P.: Mechanisms of the hemodynamic effects of endotoxin.j Physiol. Rev. 40:245, 1960.

21. Siegel, J. H., Greenspan, M., and Del Guercio, L. R.: Abnormal vascular
tone, defective oxygen transport and myocardial filaure in fiuman septic
shock. Ann. Surg. 165:504, 1967.

22. Thal, A., and Bell, H.: The peculiar hemodynamics of septic shock. Post
Grad. Med., 48:106, 1970.

23. Crov-ell, J. W., and Guyton, A. C.: Evidence lavoring a cardiac mechanism
in hemorrhagic shock. Amer. J. Physiol. 201:893, 1961.

24. Crowell, J. W., and Guyton, A. C.: Furthcr evidence favoring a cardiac
mechanism in irreversible hemorrhagic shock. Amer. J. Physiol. 203:248,
1962.

I

I

I-- -



LEGEND

Figure 1. Diagram of isolated perfused heart preparation. Blood is

obtained from central vein of the dog (catheter tip within

thorax) and subsequently returned to femoral vein.

PA -------------- pulmonary artery

A aorta

BC --------------- brachiocephalic artery

RA -------------- right atrium

RV -------------- right ventricle

LV --------------- left ventricle

AZ azygous vein

SVC ------------- superior vena cava

IVC ------------- inferior vena cava

SC -------------- adjustable screw clamp

resp -------------- constant volume respirator

SGA ------------ strain gauge arch

LVC -------------- left ventricular catheter

CVC ------------- coronary vein catheter

TP -------------- temperature probe

WB -------------- water bath at controlled temperature

Figure 2. Experinmtut dcemonstrating absence of deleterious effect of

cndotoxin on c.rdiac performance. (Aortic presz;ure md cardiac

output of Isolated heart waintincd conrtannt durlng experi-ient.)

I
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Table I. Effect of Endotoxin (LD90) on Intact Support Animal
(Mlean ± SE; N = 7).

J Mean Systemic Heart
Period Arterial Pressure Rate (min,)

Control #1 126(± 4) 156(± 7)

(,inus 30 min.)i
Control #2 127(± 4) 144(± 12)
_-(Zero time)

Post-endotoxin:

30-90 min. 52(± 9) 155(± 8)

90-150 min. 48(± 6) 162(± 9)

I
150-18~0 mai. 54(_± 11) 173(_± 17)I

I

,I

I
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;,3. Table II. Controlled Parameters in Isolated Heart Preparation*

j (1.ean + SE, N = 7).

Mean Aortic Cardiac Output Coronary Venous
Period Pressure cc/min cc/min/kg** Blood Temperature

(mmr- R (oc)
i Control V1 .129(± 8) 405(± 36) 51(± 6) 35.9(t 0.3)

(Minus 30 min.)

Control #2 129(- 8) 407(± 37) 51(± 6) 35.9(± 0.4)
(Zero time)

Post-endotoxin:

30-90 min. 126(- 9) 404(± 40) 51( 6) 35.6(± 0.3)

90-150 min. 121(± 9) 401(± 44) 51(± 7) 35.6(± 0.5)

1 150-180 min. 126(t 10) 385(± 66) 49(t 9) 36.2(± 0.5)

I
* Respiration rate and depth maintained constant in each experiment

I ** Cardiac ouLtu% value based on viC.ht of do& supplying heart

I
I
1
I
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Table III. Effect of Endotoxin (LDoo) on Hemodynamics and 1&ltnbolism of

Igolated licart Preparation ('iean ± SE; N = 7).

Coronary Coronary Heart Oxygen
Period Flow Vascular Rate Uptake

(cc/min) Resistance (min) (cc/iin/].O0 iUs
(mmng/cc/iwin) left ventricle)

Control #1 97(± 16) 1.46(± 0.13) 143(± 8) 14.2(± 2.1)
(Minus 30 rin.)

Control 02 95*(± 19) 1.54(± 0.19) 144(± 11) l1.7:'(± 2.0)
(Zero tiD')

Post-endotoxin:

30-90 min. 142(-+ 27) 0.96(± 0.13) 163(i 5) 17.1(± 5.9)

90-150 min. 159(± 25) 0.79(-! 0.07) 157(t 5) 12.5(± 3)

150-IC0 rnIn. 160(i 26) 0.74(± 0.04) 151(± 7) 13.5(± 2.3)

r * 191( 43) cc/iO.s left ventricle
(137(i 30) cc/mnn/OO;rs heart

** t .I(! 1.4) cc/mln/100gzs heart

I
I

I[



Table IV. Effect of Endlotoxin on Cardiac Performance (11can± SE; :; 7).

Left Ventricular LVEDP*' dP/dT Stroke Po.w
Period Contractile Force (mm1lg) (nmil/sec) Work (work/sec)

(MMi)* (miee)____

Control 'I 21.4(± 2.7) +4.0(± 0.8) 3501(± 617) 5.1(± 0.6) 11.9'± 1.6)
(Hinus 30 min.)

Control "2 ..21.8(± 1.9) +2.7(± 1.2) 2797(i 497) 5.1(± 0.8) 12.0(± 1.6)
(Zero time)

Post-endoto.:in:

30-90 uin. 26.2(t 4.3) +0.4(± 0.8) 5012(! 1428) 4.4(i 0.6) 11.8(± 1.7)

90-150 mdn. 30.4(± 5.7) -0.2(± 1.1) 4416(Z 11!2) 4.2(-t 0.7) 11.5(i 1.9)

150-160 uin. 25.8(± 2.8) 0(± 1.5) 4198( .t 831) 4.8(- 0. ) 12.2(i 2.1)

* Measured by strain gau-e arch

j ** LVUEP - Left ventricular end diastolic pressure

t

I

I
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Table V. Effect of Endoto::!n on phl and Blood Gas Tensions in Isolated Heart
Preparation (Miean ± SE; N - 7).

Per lod pIT* p0
2  pCO2

.Control. #1 A -7.49(1 0.03) 70(± 8) 22(± 2)_
(Mii;us 30 rin) V 7.46(, 0.03) 24(± 2) 28(± 2)

Control #2 A _7.50( 0.0Il  73(_+8) 22(± 2)
(Zero time) fV 7.46(± 0.04) 24(± 3) 28± 3)

Post-endotoxin:

30-90 rdn. A _.37(- O.O- _ 64(_9) 22(- 2)
V 7.35(± 0.04) 29(± 3) 27(± 3)

90-150 min. A 7.31(- 0.06) 55(± 5) 25 (± 2)
V 7.29(± 0.06) 33(Q 2) 2_(± 2)

150-180 min. N 7.32(t 0.3.0) 64 __ ) 24(± 2)
V 7.31(± 0.10) 36(± 5) 29(± 3)

* A = Coronary artery

V = Coronzary vein

I
I
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